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[57] ABSTRACT 

Methods and apparatus for transmitting electromag- 



netic radiation in a space for illumination and communi- 
cation provide in that space a gas discharge lamp, a first 
antenna for. emitting radio frequency signals and a sec- 
ond antenna for receiving such emitted radio frequency 
signals. The first antenna is located at a distance from 
the lamp which is larger than the distance between the 
first and second antennas. The lamp is energized with 
alternating current for emitting light in the mentioned 
space. Radio frequency signals are transmitted via the 
first and second antennas and the mentioned space hav- 
ing the gas discharge lamp provided and energized 
therein. The gas discharge in the lamp may be confined 
to a length shorter than one quarter of the shortest 
wavelength of the transmitted radio frequency signals. 
The gas discharge lamp may be mounted in a cross- 
polarized relationship to the first antenna. Additionally 
or alternatively, the gas discharge lamp may be shielded 
against radio frequency signals emitted by the first an- 
tenna. The gas discharge lamp may be energized by an 
alternating current having a frequency above the high- 
est useful frequency of a signal modulated on a carrier in 
the radio frequency signal. The raido frequency signal 
may be frequency modulated, and may be demodulated 
by a frequency modulation receiver connected to the 
second antenna and having an amplitude modulation 
rejection for suppressing a disturbance caused by the 
energized gas discharge lamp in the transmitted radio . 
frequency signal. 



48 Claims, 13 Drawing Figures 
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, ' .. ■< \ light, was emitted in the passenger section for illumina- 

METHODS AND APPARATUS FOR tion purposes as needed. In the interest of economy and 

TRANSMITTING ELECTROMAGNETIC efficiency, fluorescent lamps were employed for this 

RADIATION FOR ILLUMINATION AND purpose. Though the two forms ., of electromagnetic 

..... COMMUNICATION 5 radiation, namely the radio frequency signals and the 

< light emission did, of course, not as such interfere with 

BACKGROUND OF THE INVENTION each other, given the vast difference in frequency be- 

1. Field of the Invention tween radio waves and light, a strong interference was 
The subject invention relates to the fields of radiant nevertheless observed in the form of a disturbing alter- 

energy and electromagnetic radiation and, more specifi- nating-current hum in the audio signals received and 
cally, to the transmission of electromagnetic radiation reproduced at various seat locations. Since the men- 
for illumination and communication, to radio/ televi- tioned hum had its predominant component at 400 Hz, 
sion, telemetry, remote control, intramural information and since the power supply system of the aircraft pro- 
and education systems, passenger entertainment systems vided alternating current at a frequency of 400 Hz, it 
abroad aircraft or other vehicles, and other disciplines 15 appeared that the hum in question stemmed in some 
of utility for the disclosed invention. manner from the aircraft's power supply. After a while, 

2. Disclosure Statement it was observed that the hum disappeared or became 
This disclosure statement is made pursuant to the negligible when the fluorescent ceiling lights of the 

duty of disclosure imposed by law and formulated in 37, aircraft were turned oft. The only logical explanation 
CFR 1.56(a); No representation is hereby made that 20 Qnthe bfiisis of eating theory was that the fluorescent 
information thus disclosed in fact constitutes prior art, fixtures or ballasts in some manner generated a noise 
inasmuch as 37 CFR 1.56(a) relics on a materiality con- signa] having a 400 Hz component and rinding its way 
cept which depends on uncertain and inevitably subjec- through parts of the power supply system to the wire- 
tive elements, of substantial likelihood and reasonable- Ies8 entertainment equipment. However, various con- 
ness, an inasmuch as a . growing attitude appears to re- X ventional approaches, including filtering of the fluores- 
quire citation of material which might lead to a discov- cent lamp power supply ^ bf0Ught no satisfactory 
eryof pertinent material. - : ■ , - : relief, and the entire project was in danger of having to 

The spectrum of electromagnetic waves or radiation be abandoned 
extends over a vast range of frequencies including such ^ ^ b(Xn v ^ Imfilftuilte> ^ tile 
mamfestations as light, as well as high-frequency earn- 30 * 7 ■ j» 

ers for electric si|nals. Frequend* electromagnetic cu ' Ten ^ ™ v ^ally used system for supp ymg audio 
radiation is emitted or transmitted in a space for Numi- ^formation in several channels to seated airline passen- 
nation and communication. For instance, a room may ' a ^ ' of w,re J™*? extending from 

be iUuminated, whilebeing at the same time traversed a f** 1 * * the t0 ^dividual program 

by radio waves for telecommunication purposes. In 35 selector «d sound transducer units m arm rests of pas- 
general,, electromagnetic radiations of significantly- dif- sen Sf seat ?' ™ s we ^ stcm r , t3 not ° nl y 
ferent frequencies, do not unfavorably interact with = sive in lts implementation and installation, but consU- 
each other in ^space. However, adverse interactions * utes a . of increasingly severe trouble to the air- 

between methods and apparatus for transmitting elec- lme » requiring a disproportionate amount of servicing 
tromagnetic radiation of different frequencies occur 40 and trouble-shootmg and being particularly vulnerable 
often and have so far typically been viewed as a species at the cabin wall/passenger seat interface or cabin 
of radio interference. floor/passenger seat interface. 

By way of example, it has been observed that fluores. Despite these problems, airlines and passengers con- 
cent or other gas discharge lamps, which emit electro- demand audio distribution systems of the type 
magnetic radiation classified as light, tend to affect 45 herein mentioned, not only for the provision of audio 
adversely radio signal transmissions. Against a back- entertainment and motion picture or video prpgramm 
ground of classification of such disturbances as radio sound accompaniment, but also for the communication 
interference, the prior art attempted to attack the prob- of safety instructions, flight information and news items 
lem with electric filtering and conventional shielding on &e ground and in flight as well, 
techniques. For instance, power line filters were associ- 50 Another example which may be mentioned is the 
ated with gas discharge lamps in an effort to eliminate indoor iUumination of growing plants with ultraviolet 
such high-frequency disturbances as were believed to "g flt produced by tubular gas discharge lamps and the 
having been generated by the gas discharge lamp and simultaneous wireless transmission of signals indicating, 
proceeding along or radiating from the electric lamp for instance, the moisture content or other parameters 
feed lines. , 55 of the soil in which the plants are grown. In that case, a 

While power line filters are of recognized utility in hum of the above mentioned type could either provoke 
many applications, they have proved incapable of solv- false readings and control action or necessitate the use 
ing the problem here under consideration, as illustrated of an elaborate filtering or coding system, 
by the following example. Another example stems from the widespread use of 

Aboard a commercial passenger aircraft, a wireless 60 neon signs and similar gas discharge structures for the 
system was installed for transmitting audio entertain- purpose of advertising or designating a product or busi- 
ment and sound accompaniment for motion pictures or : ness. In those instances, interference with radio trans- 
video programs to passengers accommodated in seats mission has been observed, and has falsely been attrib- 
equipped with individual radio receivers. uted to a type , of radio interference traveling along 

While entertainment needs of passengers were, thus 65 power supply lines, 
attempted to be met via radio frequency signals trans- In the area of communication, wireless telephones are 
mitted. through the passenger section of the aircraft, becoming increasinlgy popular. This includes installa- 
anpther form of electromagnetic radiation, namely tions in which a telephone connection proceeds from a 
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portion of the subscriber's house to a more remote loca- radio frequency signals in said space, confining the gas 

tion of his or her premises. The presence or energized discharge in the lamp to a length shorter than one quar- 

fluorescent or other gas discharge lamps can also entail ter of the shortest wavelength in said range, energizing 

the above mentioned' heretofore unexplained interfer- the Lamp with alternating current for emitting light in 

ence. » ' 5 said space, providing radio frequency signals within the 

Given the widespread use of fluorescent lights and wavelength range, for transmission by the first antenna 

other gas discharge lamps and the increasingly frequent and reception by said seebnd antenna, and transmitting 

utilization of radio and wireless television communica- the radio frequency signals via the first and second 

tions, even on an intramural or relatively short-distance antennas and said space having the gas discharge lamp 

scale, the. problem herein illustrated is commensurably 10 provided and energized therein, 

widespread and the solutions according to the subject From another aspect thereof, the subject invention 

invention and its various aspects are of correspondingly resides in a method of transmitting electromagnetic 

broad utility. radiation in a space for illumination and communica- 

cTiv^/f adv tut: ivi^MTTrtM uon/ The invention according to this aspect resides, 

SUMMARY OF THE INVENTION , 5 mQrfe specificallV( in the impr ov e ment comprising in 

It is a general object of this invention to overcome the , combination the steps of providing a first antenna for 

disadvantages and to satisfy the needs expressed or emitting radio frequency signals in said space, providing 

implicit in the above disclosure statement or elsewhere a second antenna for receiving the emitted radio fre- 

in the specification or drawings hereof. quency signals, providing a gas discharge lamp in said 

It is a related object of this invention to provide im- 20 space, mounting the gas discharge lamp in a cross-pola- 

proved methods and apparatus for transmitting electro- rized relationship to the first antenna in said space, ener- 

magnetic radiation for illumination and communication. gizing the lamp with alternating current for emitting 

It is a germane object of this invention to prevent light in said space, providing radio frequency signals for 

radio interference from gas discharge lamps. , transmission by the first antenna and reception by the 

It is also an object of this invention to materially 25 second antenna, and transmitting the radio frequency 

reduce interference in various systems employing radio signals via the first and second antennas and said space 

frequency signals for communication, telemetry, remote having the gas discharge lamp provided and energized 

control and other endeavors. therein. 

It is a further object of this invention to promote the From another aspect thereof, the subject invention 

comfort and safety of air travel. 30 resides in a method of transmitting electromagnetic 

It is a germane object of this invention to provide radiation in a space for illumination and communica- 

improved methods and apparatus for supplying audio tion. The invention accorddng to this aspect resides, 

information in several channels via headsets to seated more specifically, in the improvement comprising in 

airline passengers. combination the steps of providing a first antenna for 

It is a related object of this invention to provide wire- 35 ; emitting radio frequency signals in said space, providing 

less airline passenger audio entertainment and informa- ; a second antenna for receiving the emitted radio fre- 

tion systems. . . . \ quency signals, providing a gas discharge lamp in said 

Other objects of this invention will become apparent space, shielding the gas discharge lamp against the radio 

in the further course of this disclosure, v frequency signals emitted by the first antenna in said 

From one aspect thereof, the subject invention re- 40 space, energizing the lamp with alternating current for 

sides in a method of transmitting electromagnetic radia- emitting light in said space, providing radio frequency 

tion in a space for illumination and communication. The signals for transmission by the first antenna and recep- 

inventidn according to this aspect resides, more speeifi- . tion by the second antenna, and transmitting the radio 

cally, in the improvement comprising hi combination frequency signals via the first and second antennas and 

the steps of providing a gas discharge lamp in said 45 said space having the gas discharge lamp provided and 

space, providing a first antenna at a first distance from energized therein. 

the lamp for emitting radio frequency signals in said From another aspect thereof, the subject invention 

space, providing a second antenna at a second distance resides in a method of transmitting electromagnetic 

from the first antenna for receiving the emitted radio ' radiation in a space for illumination and for communica- 

frequency signals in said space, making the first distance 50 tion of a signal having an alternating current compo- 

larger than the second distance, energizing the lamp nent. The invention according to this aspect resides, 

with alternating current for emitting light in said space, more specifically in the improvement comprising in 

providing radio frequency signals' for transmission by combination the steps of modulating the signal on a 

the first antenna and reception by the second antenna, radio frequency carrier, providing a first antenna for 

and transmitting the radio frequency signals via the first 55 emitting the modulated radio frequency carrier in said 

and second antennas and' said space having Che gas dis- space, providing a second antenna for receiving the 

charge lamp provided and energized therein. ; emitted 1 radio frequency carrier, providing a gas dis- 

From another aspect thereof, the subject invention charge lamp in said space, providing an alternating 

resides in a method of transmitting electromagnetic current having a frequency above the highest useful 

radiation in a space for illumination and communica* 60 frequency of the alternating current component, ener- 

tion. The invention according to this aspect resides,' gizing the lamp with the alternating current for emitting 

more specifically, in the improvement comprising in light in said space, and transmitting the radio frequency 

combination the steps of providing a gas discharge lamp signals via the first and second antennas and the space 

in said space, providing a first ; antenna at a distance having the gas discharge lamp provided and energized 

from the lamp for emitting radio frequency signals 65 therein* 

within a predetermined wavelength range in said space, From anbther aspect thereof, the subject invention 

providing a second antenna at a distance from the first resides in a method of transmitting electromagnetic 

antenna and from the lamp for receiving the emitted radiation in a space for illumination and for communica- 
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tion of a signal. The invention according to this aspect ting radio frequency signals in said space, means includ- 
residesi more specifically, in the improvement compris- ing a second antenna for receiving the emitted radio 
ing in combination the steps of modulating the signal on frequency signals, a gas discharge lamp, means for 
a radio frequency carrier by frequency modulation, mounting the gas discharge lamp in a cross-polarized 
providing a first antenna for emitting the modulated 5 relationship to the first antenna in said space, means 
radio frequency carrier in said space, providing a sec- connected to the gas discharge lamp for energizing the 
ond antenna for receiving the emitted radio frequency lamp with alternating current for emitting light in said 
carrier, providing a gas discharge lamp in said space, space, and means connected to the first antenna for 
energizing the lamp with alternating current for emit- providing radio frequency signals and for transmitting 
ting light in said space, whereby an amplitude raodula- 10 the radio frequency signals via the first and. second 
tion is imposed on the emitted radio frequency carrier, antennas and said space having the gas discharge lamp 
providing the frequency modulation receiver with an provided and energized therein, 
amplitude modulation rejection for said amplitude mod- From another aspect thereof, the subject invention 
ulation, connecting the receiver to the second antenna, resides in apparatus for transmitting electromagnetic 
: transmitting the modulated radio frequency carrier via 15 radiation in a space for illumination and communica- 
the first and second antennas and said space having the tion. The invention according to this aspect resides, 
gas discharge lamp provided and energized therein, and more specifically, in the improvement comprising, in 
receiving and demodulating the transmitted radio fre- combination, means including a first antenna for emit- 
quency carrier with the frequency modulation receiver ting radio frequency signals in said space, means includ- 
to regain the signal therefrom, while rejecting the am- 20 ing a second antenna for receiving the emitted radio 
plitude modulation. frequency signals, a gas discharge lamp in said space, 

From another aspect thereof, the subject invention means for shielding the gas discharge lamp against the 
resides in apparatus for transmitting electromagnetic radio frequency signals emitted by the first antenna in 
radiation in a space for . illumination and communica- said space, means connected to the lamp for energizing 
tion. The invention according to this aspect resides, 25 the lamp with alternating current for emitting light in 
more specifically, in the improvement comprising, in said space, and means connected to the first antenna for 
combination, a gas discharge lamp in said space, means providing radio frequency signals and for transmitting 
including a first antenna located at a first distance from the radio frequency signals via the first and second 
the lamp for emitting radio frequency signals in said antennas and the space having the gas discharge lamp 
space, means including a second antenna located at a 30 provided and energized therein, 
second distance from the first antenna for receiving the From another apsect thereof, the subject invention 
emitted radio frequency signals in said space, the first resides in apparatus for transmitting electromagnetic 
distance being larger than the second distance, means radiation in a space for illumination and for communica- 
connected to the lamp for energizing the lamp with tion of a signal having an alternating current compo- 
alternating current for emitting light in said space, arid 35 nent. The invention according to this aspect resides, 
means connected to the first antenna for providing radio more specifically, in the improvement comprising in 
frequency signals and for transmitting the radio fre- combination, means for modulating the signal on a radio 
quency signals via the first and second antennas and the frequency carrier, means including a first antenna for 
space having the gas discharge lamp provided and ener- emitting the modulated radio frequency carrier in said 
gized therein. 40 space, means including a second antenna for receiving 

From another aspect thereof, the subject invention the emitted radio frequency carrier, a gas discharge 
resides in apparatus for transmitting electromagnetic lamp in said space, means for providing an alternating 
radiation in a space for illumination and communica- current having a frequency above the highest useful 
tion. The invention according to this aspect resides, frequency of the alternating current component and for 
more specifically, in the improvement comprising, in 45 energizing the lamp with the alternating current for 
combination, means including a first antenna for emit- emitting light in said space, and means connected to the 
ting radio frequency signals within a predetermined modulating means and to the first antenna for transmit- 
wavelength range in said space, means including a sec- ting the radio frequency signals via the first and second 
ond antenna at a distance from the first antenna for antennas and said space having the gas discharge lamp 
receiving the emitted radio frequency signals in said 50 provided and energized therein, 
space, a gas discharge lamp in said space having gas . From another aspect thereof, the subject invention 
discharge path of a length shorter than one quarter of resides in apparatus for transmitting electromagnetic 
the shortest wavelength in the range, means connected radiation in a space for illumination and for communica- 
to the gas discharge lamp for energizing the lamp with tion of a signal. The invention according to this aspect 
alternating current for emitting light in said space, 55 resides, more specifically, in the i improvement compris- 
means for providing radio frequency signals within the ing, in combination, means for modulating the signal on 
wavelength range for transmission by the first antenna a radio frequency carrier by frequency modulation, 
and reception by the second antenna, and means con- means including a first antenna for emitting the modu- 
nected to the signal providing means and to the first lated radio frequency carrier in said space, means in- 
antenna for transmitting the radio frequency signals via 60 eluding a second antenna for receiving the emitted 
the first and second antennas and said space having the radio frequency carrier, a gas discharge lamp in said 
gas discharge lamp provided and energized therein. space, means connected to the lamp for energizing the 

From another aspect thereof, the subject invention . lamp with alternating current for emitting light in said 
resides in apparatus for transmitting electromagnetic space, whereby an amplitude modulation is imposed on 
radiation in a space for illumination and communica- 65 the emitted radio frequency carrier, means connected to 
tion. The invention according to this aspect resides, the modulating means and to the first antenna for trans- 
more specifically, in the improvement comprising, in mitting the modulated radio frequency carrier via the 
combination, means including a first antennafor emit- first and second antennas and said space having the gas 
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discharge lamp provided and energized therein, and 
means connected to the second antenna including a 
frequency modulation receiver for receiving and de- 
modulating the transmitted radio frequency carrier to 
regain the signal therefrom, the frequency modulation 
receiver including amplitude modulation rejection 
means for rejecting said amplitude modulation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The subject invention and its various aspects and 



10 



15 



20 



objects will become more readily apparent from the 
following description of preferred embodiments 
thereof, illustrated by way of example in the accompa- 
nying drawings, in which like reference numerals desig- 
nate like or functionally equivalent parts, and in which: 
FIG. 1 is a diagrammatic side view, partially in sec- 
tion, of an aircraft and essential parts of a wireless pas- 
senger audio entertainment and information system 
according to a preferred embodiment of the subject 
invention; 

FIG. 2 is a showing on an enlarged scale of a detail of 
FIG. 1, together with an illustration of additional fea- 
tures; 

FIG. 3 is a passenger control unit equipped in accor- 
dance with a preferred embodiment of the subject in- 25 
vention; 

FIG: 4 is a diagrammatic cross-section through a 
passenger cabin equipped in accordance with a pre- 
ferred embodiment of the subject invention; 

FIG. 5 is a side view of an elongate gas discharge 
lamp shielded according to embodiments of the inven- 
tion; 

FIG. 6 is a fraction of a diagrammatic cross-section 
through a passenger cabin equipped according to a 
further embodiment of the invention; 

FIGS. 7 to 9, when positioned in series along their 
longitudinal axes, constitute a circuit diagram of a radio 
receiver in a passenger control unit according to a pre- 
ferred embodiment of the subject invention; 

FIG. 10 is a circuit diagram of a radio frequency 40 
audio transmitter according to a preferred embodiment 
of the subject invention; 

FIG. 11 is a circuit diagram of a combiner for apply- 
ing different radio frequency channels to the transmis- 
sion antenna according to a preferred embodiment of 45 
the subject invention; 

FIG. 12 is a circuit diagram for an override audio 
apparatus which may be employed in the system ac- 
cording to a preferred embodiment of the subject invent 
tion; and 

FIG. 13 is a circuit diagram of a modification of the 
circuit of FIG. 8 according to a further embodiment of 
the subject invention. 



DESCRIPTION OF PREFERRED 
EMBODIMENTS 



Though the subject invention and its principles and 
manifestations are of widespread utility as mentioned 
above, its presently most preferred application will be 
employed in the accompanying drawings and in most of 60 
the following text in order to explain its preferred em- 
bodiments in greater detail. 

In this respect, and by way of background, FIG. 1 
shows essential parts of an airliner 10 having a metallic 
fuselage 12 partially in section. In accordance with 65 
standard practice, passengers are seated aboard the 
aircraft in rows in seats 13. For the sake of simplicity 
only some of these seats are shown in FIGS. 1 and 2. In 



reality, and in accordance with standard practice, the 
seats 13 are, however, distributed along an elongate 
passenger section 14, extending according to FIG. 1 
inside the metallic fuselage 12 from the cockpit, toilet 
and service area at the front of the plane to the service, 
storage and toilet region at the tail end thereof. Also in 
accordance with standard practice, the passenger sec- 
tion is subdivided into classes or other passenger com- 
partments by class dividers or bulkheads 15. In larger 
planes, storage and toilet facilities may, for instance, 
also be located at the bulkheads 15. 

According to the subject invention a first antenna or 
antenna system 16 is provided for emitting radio fre- 
quency signals in a space 17 including the elongate 
passenger section 14. By way of example, the antenna 
16 may be composed of a twin lead, such as a 300ft 
television twin cable having a 300ft termination at one 
end thereof and being fed from a transmitter 18 at the 
other. 

Dual twin leads may be employed if desired or neces- 
sary. Also, the antenna system 16 may be centerfed, 
such as by a transmitter located approximately amidship 
the aircraft. 

Further variations within the scope of the subject 
invention include other forms of radiant distributed 
antennas or antenna systems, a so-called "Radiax" an- 
tenna or antenna system in the form of one or more 
"leaky coax" cables (coaxial cable with distributed 
holes in its outer shield or conductor), or then an an- 
tenna system composed of discrete dipoles or other 
resonant antenna structures, 

The system according to the subject invention in- 
cludes a transmitter i8 for providing audio information 
in radio frequency channels in a frequency band which 
is preferably below 100 MHz. Practical tests have con- 
firmed that the use of such a frequency band permits an 
entire aircraft of the size of a Boeing 727 to be covered 
with radio-transmitted audio information and entertain- 
ment programs at all seats throughout the entire length 
of the plane's passenger section at an unprecendentedly 
low power input to the antenna not in excess of 10 mW 
per channel. This minimizes or practically avoids inter- 
ference with the plane's navigational system. Also, tests 
have confirmed that a preferred transmission frequency 
band between 72 to 73 MHz avoids radiation and loss of 
significant amounts of radio frequency energy through 
the types and sizes of windows customarily employed in 
commercial aircraft. In other words, the metallic fuse- 
50 lage 12 even though penetrated by a multitude of air- 
plane windows 19, has been found an effective shield 
against an escape of any significant energy from the 
antenna 16 and passenger section 14 beyond the con- 
fines of the airplane 10. 

This is believed to be a remarkable feature, in the 
light of the fact that the transmitting antenna 16 runs 
along the entire length of the passenger section 14 or is 
at least distributed over the passenger compartments. 

As a further advantage, the mentioned preferred fre- 
quency band between 72 and 73 MHz can neither inter- 
fere with public broadcasts, of which television channel 
4 is closest with a frequency band between 66 and 72 
MHz, nor with radio astronomy located in a band of 
from 73 to 74.6 MHz, below the aeronautical marker 
beacon frequency of 75 MHz. Also, the band of 72 to 73 
MHz is currently used in the United States by low- 
power communication devices used for auditory train- 
ing systems and licensed operational fixed stations. 
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In practice, each audio channel may . be located in a 73 MHz via the transmitting antenna 16, seated passen- 

different radio frequency channel within the employed gers 35 and distributed receiving antennas 25 to the 

very high frequency [VHF] band. This may, for in- predetermined armrests 23 equipped with passenger 

stance, , be accomplished by multiplexing the audio . control units 22. 

channels onto a single radio frequency carrier modu- 5 By way of example, the passenger control units 22 

lated thereby. Alternatively, each audio channel may be may be installed in armrests of both Hardman and 

modulated on a different radio frequency channel. In Weber coach seats of the type frequently used aboard 

either case, the same, transmitting antenna or antenna commercial aircraft. Lugs 36 and screws 37, or other 

system 16 is employed for all channels. . suitable fasteners, may be employed for this purpose. 

For the reception of the -transmitted radio frequency 10 The antennas 25 with associated receiving equipment 

channels; individual antennas are provided for the seats are thus at least partially mounted in predetermined 

13. For instance, a separate receiving antenna may be armrests 23 of the seats 13. The receiving antenna 25 

provided for each seat 13 seating, a passenger to be : preferably is located at the side of the passenger control 

equipped with a headset for audio information and en- ^ 2 2 facing a side of the seated passenger 35, so as to 

fertainment listening. • ^ 15 ^ optimum antenna/passenger coupling through 

In this respect, traditional radio engineering judg- the pl ^ c QT ^x^^ contro i unit front panel 2 7, In 

ment would advise against a combination of the recciv- ^is respect, the operation of the illustrated system has 

ing antenna with the^ passenger control unit 22 in the confirmcd a fact pre viously known from the radio pag- 

seat armrest 23. Rather, the obvious goal of conven- m field> nainel that thc human body acts m effect as 

tional radio engineering would be to locate the i receiv- 20 ^ ^ Xejm& or coupling mcdium at frcque ncies below 

mg antenna at a location which is less obstructed^ the m MHz> while actin M a radio frequency shield at 

body of the seated passengerand less shielded by un- ^ f encies thove the 100 MHz area. In the 

avoidable metallic structure than .the armrest region. context * f th^subject invention, this helps the system to 

Also, conventional radio engineering would strive for a ^, or ^ mo ^ ^ '^ 0a ^\J o u^ Q « 

' „ tl „.^ „,«,«,i<*«„#u 5T« rt i~ <v»- ^*^„« "w overcome the fact that the necessanly short loop an- 

TheLkcf feasibility of such conventional approaches tei one T half . ™ Cl ™? h 

in terms of safety requirements, maintenance operations u . ^*™^J°** A informatl0n of a 

and cleaning procedures pertaining to airline passenger high-fidehty character and, m a manner known per se, is 

seats, and in terms of containment and avoidance of 30 Pneumatically conveyed from the passenger cpntrpl 

uneven distribution of the transmitted energy within the unit 22 via a dual channel plug-in device 41 and pair of 

elongate passenger section 14, would further discourage j^ible |° und conducting tubes 42 to the passenger s 

those of average skill from attempting the development headset 43. 

and design of a wireless audio information and enter- As shown somewhat diagrarnmafccaHy in FIG. 1, flic 

tainment system for airline passengers. 35 «?»«« 18 equipped with a number of lamps 38 for illu- 

The illustrated embodiments, however, again deviate nuhatmg its mtenor as desired or necessary. For reasons 
from conventional approaches by dUtributing the indi- of economy and efficiency fluorescent lamps preferably 
vidua! receiving antennas 25 among predetermined are employed for tliis purpose. The lamps 38 may have 
armrests 23 of the seats 13. A passenger control unit 22 appropriate ballasts and fixtures and are energized from 
and receiving antenna 25 is typically installed in one 40 811 alternating current power source 39 aboard the air- 
armrest per seat, craft via a selectively actuable switch 40. Closure of 

As shown in FIG. 3, each receiving antenna 25 pref- that switch, or of similar individual switches for the 

erably is a loop antenna. In particular, a loop of copper individual passenger compartments, causes energization 

foil or other conductive material is mounted or located ° f the 38 with alternating current from the source 

behind the electrically insulating or plastic panel 27 45 39 *° r iUumination of the passenger section or com- 

which carries the passenger channel selection and vol- partmehts. 

ume controls 28 and 29. The loop antenna 25; is con- In words, the energized lamps 38 emit or trans- 

nected to a pair of antenna terminals 31 and 32 con- ™& electromagnetic radiation 44 of the type or wave- 

nected to equipment, located in a casing 33, for deriving length known as light in the space 17. As indicated in 

the transmitted audio information in their audio chan- 50 FIpS. 2 and 3, the lamps 38 may be hidden from view, 

nels from the radio frequency channels, received with such as by blind ceiling portions, for an indirect illumi- 

the antenna 25. The channel selector 28 with associated nation of the passenger section through reflection of the 

equipment in the casing 33 individually enables passen- light from the ceiling 20. 

ger to select audio mfprmation from among audiochan- During the viewing of motion pictures or video pro- 

nels containing the derived audio information, the 55 grams, the light switch 40 is typically open and the 

volume control 29 with associated equipment, including lamps 38 are deenergized. This may also be the case 

an electric signal-to-sound signal transducer in the cas- . during flights at night time when most passengers are 

ing 33, are connected to the channel selection enabling resting. In such instances, no interference from the 

equipment for applying the selected audio information lamps 38 takes place. 

individually to the headsets. Typically^ any one passen- 60 On the other hand, the lamps 38 are capable of dis- 

ger control unit 22 thus applies the selected audib infer- turbing radio transmissions in the passenger section 14 

mation to a single headset for a particular passenger. or space 17. As indicated above, such observed distur- 

Practical tests have now confirmed that systems of bance has defied attempts at elimination by conven- 

the illustrated type effectively couple the distributed tional methods, such as the provision of electric filtering 

receiving antennas 25 via . seated passengers 35 to the 65 devices in the power line 47 through which the lamps 

transmitting antenna 16, and that the radio frequency 38 are energized. 

channels containing the audio information are effec- . On the other hand, the particular interference van- 

tively transmitted in the preferred band between 72 and ishes or is reduced to negligible values upon application 
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of any of the measures of the subject invention and its 
embodiments as herein disclosed.' 

While no adherence- to, or dependency from, any 
particular theory is intended, it is presently believed 
that the disturbance or interference overcome by the 
subject invention is due to a curious property of gas 
discharge lamps. In particular, the gas discharge or 
plasma reradiates or is an electrical conductor capable 
of modulating radio, frequency energy or signals im- 
pinging thereon or of otherwise changing the electric 
field in the context of electromagnetic radiation or 
transmission. Of course, the presence of conductors in 
the field of an electromagnetic transmission is a rather 
frequent occurrence that can usually be managed in one 
way or another, where not deliberately desired for 
shielding purposes. However, a conductor in the form 
of a gas. discharge or plasma of a gas discharge lamp 
energized with alternating current in efFect constitutes a 
conductor that is switched on, and, off at an intermit- 



12 



The second antenna or antennas 25 situated closest to 
the transmitting antenna 16 are . located at a second 
distance d from the first antenna 16 for receiving the 
emitted radio frequency signals in the space 17. Accord- 
5 ing to one preferred embodiment of the subject inven- 
tion, the first distance D is larger than the second dis- 
tance d. With the transmitting antenna 16 being posi- 
tioned as shown in FIGS. 2 and 4, and with the second 
distance d being as shown in FIG. 4 f the second antenna 
10 25 in principle may be located anywhere along a circu- 
lar arc section 166. However, as shown in FIGS. 2 to 4, 
the second or receiving antenna 25 is preferably located 
in the armrest unit 22. This also positions the second 
antenna 25 at a third distance A from the closest ceiling 
lamp 38, with the second distance d being smaller than 
the siim of the first and third distances D+A. 

Also in accordance with a preferred embodiment, the 
third distance A is larger than the first distance D. 
The chief goal of these embodiments is to maximize 



15 



tence corresponding to the frequency of the energizing 20 ^ + . r t . 

alternating current. t^ie ratio of the radio frequency power proceeding from 



25 



30 



In other words, an alternating current energized gas 
discharge lamp effectively introduces into the Field of a 
radio signal transmission a conductor which is switched 
on and off at line frequency or at harmonics thereof. 

For instance, since every cycle pf the line, frequency 
has two half cycles, it is possible for the gas.discharge to 
be switched at a rate equal to twice the line frequency. 
Measurements have, However, indicated that a hum 
signal generation at line frequency also may take place. 

At any rate, the intermittently switched gas discharge 
or plasma acts as an absorber or radiator of electromag- 
netic energy. This undesirable efFect is especially strong 
when the length of the gas discharge stands in a certain 
relationship to the wavelength of the transmitted radio 35 
frequency signal. For instance, multiples and submulti- 
ples of such wavelength evenuate particularly detri- 
mental effects, since the gas discharge then acts in the 
manner of a dipole or similar resonant antenna, which 
absorbs or reradiates radio frequency energy transmit- 40 
ted in the space occupied by the lamp. 

According to the subject invention, this discovery 
has led to several solutions of the underlying problem. 
One of these, by way of example and preferred embodi- 
ment, will presently be explained with the aid of FIG. 4, 
In particular, FIG. 4 is a diagrammatic outline of a 
cross-section through the passenger cabin shown in 2. 
The passenger cabin ot section 14 has a space 17 later- 
ally enclosed by a ceiling 20, walls 161 and 162 and a 
floor 163, seen also in FIGS. 1 and 2. The first antenna 

16 is located at a first distance D from the closest ceiling 
lamp 38 for emitting radio frequency signals in the space 

17 or transmitting radio frequency signals into such 
space. Of course, the antenna 16, like any other trans- 
mitting or receiving antenna herein disclosed, is located 
within the confines of any fuselage or other metallic 
enclosure in the aircraft. 

Within these confines, the antenna 16 may in princi- 
ple be located at any appropriate point of an arc section 



45 



50 



55 



the. transmitting antenna 16 to the receiving antenna 25 
along the path represented by the distance d relative to 
undesired radio frequency power proceeding along a 
path including the first and third distances D+A and 
including the ionized plasma of the closest ceiling lamp 
38 when energized. In practice, this ratio maximizing 
goal has, of course, to be realized within the confines of 
structural and design realities in the space 17. In this 
respect, depending on the various positions feasible for 
the receiving antennas 25, and relevant dimensions 
within the space 17, it may be necessary to run a second 
antenna 16 along the opposite wall 162. 

A preferred antenna location in this respect, which 
has been successfully tested in a large airliner, is a loca- 
tion at the floor 163 as shown in FIGS. 2 and 4 for a first 
or transmitting antenna 16'. The mentioned first dis- 
tance in that case becomes the distance D' shown in 
FIG. 4, while the second distance between transmitting 
antenna 16' and receiving antennas 25 becomes the 
distance d'. Again, the first distance D' is larger than the 
second distance d'. Also, the third distance A' is larger 
than the first distance D', while the second distance d' is 
smaller than the sum of the first and third distances 
D' + A' in accordance with preferred embodiments of 
the subject invention. 

In everyday operation, the lamp and antenna distance 
relationships herein disclosed permit the ceiling lights 
to be left energized while audio information is being 
communicated by the transmission of modulated radio 
frequency signals via the first and second antennas 16 
and 25 to seated airline passengers in the space 17 hav- 
ing the gas discharge lamps 38 provided and energized 
therein. In practice, this has the important advantage of 
permitting the transmission of safety instructions and 
flight information to passengers seated in cabins illumi- 
nated economically and efficiently by fluorescent light. 

In compliance with national and international air 
safety regulations, the passengers may thus be informed 



165 having the distance D as a radius relative to the the 60 at the beginning of a flight of the functioning of oxyeen 



ceiling lamp 38 presently under consideration. 

According to one preferred embodiment shown in 
FIGS. 1 arid 2, the transmitting antenna 16 is run along 
or located in the side wall 162 at the mentioned spacing 
D from the closest ceiling lamp 38. In this respect, the 65 
side walls 162 and the floor 163 preferably are made of 
electrically insulating material to avoid shielding of the 
transmitting antenna or other radio frequency losses. 



masks, the use of swimming vests and the location of 
emergency exits. Moreover, the passengers may be 
provided with audio entertainment when the cabin 
lights are lit. In practice, this also works as a safety 
factor, since passengers who are able to listen to a pleas- 
ing musical program tend to be less nervous in delicate 
situations than passengers for whom no such diversion 
exists. Even on the ground, high-fidelity audio enter- 
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tainment aboard airliners appears to shorten otherwise being to shield the gas discharge against radio frequen- 

irritating delays and waiting times. ■ cies signals emitted in the space 17 by the transmitting 

. In accordance with a further preferred embodiment antenna or. antenna system., 

of the subject invention, the gas discharge in lamps used . In accordance with another embodiment shown in 

in the space 17 is confined to a length shorter than one S FIG. 6, the gas discharge lamp 38, such as through its 

quarter of the. shortest wavelength of radio frequency mounting fixture, is mounted in a cross-polarized rela- 

signals transmitted in the space by the first antenna 16 or tipnship to the first antenna 16 in the space 17. By way 

16V of example, and as shown in the upper part of FIG. 6, 

For instance, as shown at 168 in the FIG. 2, short the first antenna 16 may be mounted in a first plane 176, 

fluorescent lamps comparable in size to the width of a 10 and the lamp 38 may be mounted in a second plane 

cabin window 19 may be employed for illumination extending at right angles to the first plane 176. .The 

purposes, . mentioned second plane in the illustrated embodiment is 

In this respect, fluorescent lamp lengths approaching parallel to the plane on which FIG. 6 is drawn, while 

30 inches should be avoided for transmission frequen- the second plane 176 extends at right angles or perpen- 

cies in the • vicinity of 100 MHz. For transmission fre- 15 dicularly thereto. . 

quencies in the 72 to 73 MHz jband, the length of the As far as the lamp 38 is concerned, it may be said that 

fluorescent lamp 162 should be below 40 inches and such lamp has a straight gas discharge path positioned at 

preferably below the standard 36 inch length. right angles to the first antenna 16 in the space 17. 

As seen in FIG. 2, if these length limitations on the In accordance with the embodiment shown in the 

gas discharge path are observed, the gas discharge 20 lower part of FIG. 6, the gas discharge lamp may, for 

lamps,, such as the lamp 162, may be located closer to instance, be a circular fluorescent lamp 178 having a 

the transmitting antenna 16 than the distance D accord- circular gas discharge path provided in a second plane 

ing to the embodiment illustrated in FIG. 4. The short extending at right angles to the first plane 176 of the 

lamp. 168 may, for instance, be a reading light as em- transmitting antenna 16. 

ployed in some commercial airliners. . 25 As shown in FIG. 6; the transmitting antenna 16 may, 

Of course, short lamps of the type shown at 168 in for instance, be run along a blind ceiling 179 of a light- 

FIG 2 may replace the longer ceiling lights 38 within transparent and electrically insulating material. In view- 

the scope of the subject invention. ing FIG. 6, it should also be recognized that the circular 

In this respect, and in general, the lamp 168 repre- lamp 178 preferably is located above the transmitting 

sents a lamp having a straight gas discharge path shorter 30 antenna 16 as seen from the receiving antennas 25 dis- 

than one quarter of the shortest wavelength in the range tributed throughout the passenger section 14 (see FIG. 

provided by the transmitter 18 and emitted by the first 2). 

antenna 16.. Alternatively, and in accordance with a The cross-polarization principle illustrated in FIG. 6 

further embodiment, the gas discharge lamp may be works best if no larger electrically conductive surfaces 

confined to the desired shorter length by curving the 35 are present In this respect, such surfaces tend to distort 

lamp into a . circular shape having a circumference the radio frequency field in the space 17 and thus the 

shorter than one quarter of the shortest wavelength in cross-polarization relationships. In an aircraft environ- 

the range of transmitted radio frequency signals. ment, where typically metallic fuselages are employed, 

For instance, and as shown in FIG. 2, the straight the embodiment of FIG. 6 may thus not be operative 

lamp 168 and even the ceiling lamps 38 may be replaced 40 without a combination with other embodiments, such as 

by circular fluorescent lamps 169 having the requisite those shown in FIGS, 4 and 5 and/or those discussed 

short circumference. .. below. However, the embodiment of FIG. 6 still is of 

According to a further embodiment shown in FIG. 5, utility of buildings and other areas where no large elec- 

gas discharge column or plasma interference of the type trically conductive surfaces could distort the radio fre- 

herein disclosed may be avoided by shielding the gas 45 quency field in the space 17. 

discharge lamp against radio frequency signals emitted In accordance with a further embodiment of the sub- 
by the first antenna 16 in the space 17. By way of exam- ject invention, the power supply generator 39 is oper- 
ple and as shown in FIG. 5, each fluorescent lamp 38 ated to provide an alternating current having a fre- 
may be provided with a stocking 171 of loose wire mesh quency above the highest useful frequency of the alter- 
which, if desired, may be grounded. Whether such wire 50: nating current component in the communicated signal, 
mesh stocking is grounded or not, the important point is For instance, in a wireless passenger or audience enter- 
that it presents to radio frequency signals transmitted by tainment and information system of the type herein 
the. antenna 16 a conductor that is always present ; disclosed, the highest communicated audio frequency 
whether the particular gas discharge lamp is lit or not, may be 15 kHz or less. In that case, the power supply 39 
and that is also present during zero crossovers of the 55 would energize the lamps 38 with an alternating current 
alternating current energizing the gas discharge in the . having a frequency above 15 kHz. Of course, care has to 
lamp. Of course, the meshes of the stocking 171 are be taken that such an energizing frequency would not 
sufficiently wide and frequent to permit the emission of disturb other instruments or communications in the 
useful light into the passenger cabin by the lamp 38. aircraft. The embodiment just discussed may thus not be 
In lieu of a conductive wire mesh stocking 171, ah 60 universally applicable or practical. However, with cer- 
electrically conductive,. light transparent coating may tain control and other signals having an alternating 
be applied : to the outside of the fluorescent tube 38; current component of less than, say, 500 Hz, it may be 
NESA coatings and other electrically/conductive but very practical to energize the gas discharge lamps with ; 
. light transparent deposits are known and useful for this alternating purrent having a frequency of, say, 600 Hz. 
purpose. Instead of applying such coating to the lamp 65 In accordance with a preferred embodiment of the 
itself, an electrically conductive arid light transparent subject invention, frequency modulation may be em- 
coating 173 may be provided on a glass or transparent ployed for transmitting the audio channels or other 
plastic enclosure 174 of the lamp 38, the purpose always signals. In this respect, the term "frequency modula- 
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tion" is employed gencncally to cover frequency and transducer 46 at a power requirement permitting pro- 
phase modulation. longed operation between needed battery replacements. 

As before, the first antenna 16 or 16' emits the modu- For example, an operating time on the order of 1000 
lated radio frequency carrier in the space 17, and the hours results from a battery having a 20 ampere hour 
second antennas 25 receive such emitted radio fre- 5 capacity. On the average, 1000 hours of operation trans- 
quency carrier. The gas discharge lamps 38 are again lates practically into about one year of intermittent 
energized with alternating current for emitting light in service as to a typical passenger aircraft, 
the space 17. It has been observed in this respect that the The power source 45 may be disconnected from the 
above mentioned effect, believed to be due to the inter- set by an on-off switch 4$. To preclude battery drain at 
rmttently switched gas discharge or plasma, imposes an 10 the end of a listening cycle, the preferred embodiment 
amplitude modulation on the frequency modulated car- according to FIG. 9 combines the switch 48 with the 
ner in the space 17, when such carrier is transmitted via sound transducer 46 as indicated by the phantom line 
die first and second antennas 16 and 25 and the space 17 51, so as to effect closure of the switch 48 only upon 
having the gas discharge lamps 38 provided and ener- insertion of the pneumatic takeoff plug 41 (see FIG. 3) 
gized therein. 15 into the sound transducer 46. Conversely, the safety 

According to the currently discussed embodiment of switch 48 is automatically reopened when the headset 
the subject invention, and as more fully disclosed be- plug 41 is removed from the passenger control unit 22 
low, a frequency modulation receiver in each armrest Since flight attendants routinely collect all headsets 
unit 22 is connected to the corresponding second an- near the end of each flight, the automatically actuated 
tenna 25 and is provided with an amplitude modulation 20 switch 48 as a minimum precludes battery drain be- 
rejection for the amplitude modulation imposed by the tween flight operations. 

gas discharge lamps 38 As shown in FIG. 7, the loop antenna 25 is in the 

Accordingly, when the transmitted radio frequency passenger control unit connected to ground via terminal 
earner is received and demodulated with a frequency 31 and to a trimmer capacitor 53 and HF broadband 
modulation receiver in an armrest unit 22, in order to 25 amplifier 54 via antenna terminal 32. The amplified high 
regain the audio signals therefrom, the amplitude modu- frequency signal proceeds via a double tuned bandpass 
lation imposed by the gas discharge lamp 38 is rejected filter circuit 55 to a first mixer 56 which produces the 
at ™ s ^ ctline - .... first intermediate frequency or IF signal. The first input 

The different aspects and embodiments of the inven- of the mixer 56 is supplied as mentioned above by the 
tion herein disclosed may in practice be combined with 30 HF amplifier 54 and BPF 55. A second input of the 
each other. For instance, the fluorescent lamps 38 may mixer 56 is supplied by a frequency multiplier 58 via 
be^shielded in the manner illustrated in FIG. 5, even transformer 59 and coupling capacitor 61. The multi- 
when the distance relationships are observed according plier 58 is part of a synthesizer shown primarily in 
to FIG. 4. Similarly, the cross-polarization principle of FIGS. 8 and 9, and, as more fully described below, 
FIG. 6 may be combined with the distance and/or 35 enabling passengers to tune in on the various transmit- 
shielding principles of FIGS. 4 and/or 5. This possibil- ted channels of the audio entertainment and information 
lty of combination of disclosed features extends, of system. 

course, also to the above mentioned confinement of the The output of the IF mixer proceeds via impedance 
length t of the length of the gas discharge path (see 168 matching circuit 62 and crystal filter 63 to a terminal 66 
and 169 in FIG. 2) and to the above mentioned ampli- 40 and filter output impedance matching circuit 64 shown 
tude modulationTejection. in FIG. 8, and hence to a second mixer 65. 

Also, the method steps herein disclosed for various The second mixer 65 receives a first input from the 
combinations according to the subject invention and BPF 63 via the matching circuit 64, and a second input 
embodiment^ thereof, need not necessarily be per- from the above mentioned synthesizer, shown more 
formed or effected in a disclosed particular sequence, 45 fully in FIG. 9, via a buffer amplifier 67 and terminal 68. 
but may be performed or effected in another operative The second mixer 65 thus supplies the second IF via a 
sequence. . second amplifier 69 to the discriminator 70. The demod- 

According to a preferred embodiment of the subject ulated or electric audio signal is applied via a terminal 
invention, a frequency modulation system is employed 71 across the resistor 72 of the volume control 29. This 
tor transmitting the audio information and entertain- 50 volume control is preferably of a stepped type to eh- 
ment to the passenger seats. In this respect, FIGS. 7 to hance the reliability of the volume control adjustment 

when aligned longitudinally in series, constitute a mechanism, 
circuit diagram of frequency modulation receivers for The volume controlled electric sound signal is ap- 
the passenger control units 22 in accordance with a plied via wiper lead 73 to an audio amplifier 74, fol- 
prcfened embodiment of the subject invention. 55 lowed by power amplifier stages 75 and 76 which drive 

As indicated in FIG. 9, each passenger control unit 22 the pneumatic output transducer 46 with full peak-to- 
can be individually powered by a replaceable battery peak battery voltage power without any transformer or 
45. Use of a replaceable battery in each passenger con- other significant loss-producing components. 
Z nTJZ f ,tS r pow ^ sour ? f c * ds * e ^ ir f less s y stem 1* Principle, each passenger control unit could be 
m comp etely ehmmating all electric, leads from the 60 tuned by means of a variable-capacitor or similar tradi- 
^^^J^ .^T ^ 1 or ^ oor/ P a ^ en ger tional radio tuning circuit. Each passenger could then 
seat interface. On the^other hand, use of batteries at first turn a dial until he or she reaches a desired audio chan- 
sight has the ob vious disadvantage of requiring frequent. nel. Such a continuous type of channel selection would 
maintenance to either replace or recharge the batteries however, compare poorly to the stepped or detent-type 
m the large number of passenger control units. The 65 of channel selection now available in wired systems 
preferred embodiment of the frequency modulation Of course, one could provide the channel selector 
receiver shown in FIGS 7 to 9 overcomes this apparent . switch with detents at the intended location of the vari- 
handicap by providing full volume sound at its output ous channels. This, however, would not provide an 
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accurate channel selection in a wireless system of the passengers 35 listening at the time to a sound accompa- 

traditional type, since, as in the case of VHF television nimcnt of the pictorial presentation, 

channel selection, some fine tuning is often required in The output of the transformer 104 of the transmitter 

addition to the basic actuation of the stepped rotary according to FIG. 10 is applied to one of two reciprocal 

channel selector. In: practice, the need for such fine 5 switching transistors 110 and 111. The output of these 

tuning would burden the average passenger unduly, switching transistors is applied via a lead 112 to a first 

especially in a dark or dimly lit environment. input of an automatic gain control stage 113. The output 

Using state of the art components and tecnnology, of the gain controlled audio signal is applied via lead 
the preferred embodiment illustrated in FIGS. 7 to 9 114 to an operational amplifier 115 providing a rela- 
provides for accurate and drift-free stepped or detentr 10 tively flat amplification. A potentiometer 116 at the 
type channel selection with a frequency synthesizer 81 output of the amplifier 115 permits setting of the devia- 
in combination with the above mentioned essential com- tion of the transmitter. The automatic gain control also 
ponents of the system. includes an emitter follower 118 connected to a feed- 
In particular, FIG. 9 shows the channel selector 28 as back circuit and driving a detector 119 with time con- 
a rotary switching device for providing at 82 four bi- -15 stant A direct-current voltage follower 121 derives 
nary coded signals for the selection of, say, 12 channels from the detector 119 a gain control signal for the auto- 
in a hexadecimal system. By way of example, the rotary matic gain control stage 113 via a lead 122. 
switch 28 may be provided with four parallel contacts . The audio signal appearing at the wiper of the poten- 
actuated by four ganged cams for providing the four tiometer 116 is modulated on a carrier by means of a 
binary coded signals required for the desired channel 20 varicap crystal oscillator 124. The second harmonic of 
selection process. . the oscillator frequency is selected by the double tuned 

The output of the rotary selector switch is applied to circuit 125. In this manner, a carrier is phase or fre- 

a synthesizer integrated circuit 83 which, by way of quency modulated with the audio signal in the particu- 

example, may be of the type MC 145106 as described, lar channel. This modulation is followed by a further 

for instance, in the MOTOROLA SEMICONDUC- 25 frequency doubling in a frequency doubler 126 driving 

TORS Advance Information Bulletin ADI-431 (1977). an output amplifier 127. The modulated carrier appears 

A crystal controlled frequency standard 84 estab- . at the transmitter output 128. 
lishes all frequencies for the various channels in the In the illustrated embodiment there are as many trans- 
particular passenger control unit 22. mitters of the type of transmitter 103 as there are audio 

As shown in FIG. 9, the frequency syntheziser cir- 30 channels. These transmitters provide several radio fre- 
cuitry includes an oscillator and mixer component 86 quency carriers, each corresponding to a different one 
which, by way of example; may be provided by an of the audio signal channels and each having a fre- 
ihtegrated circuit of the type CA3028 as shown, for quency different from the frequency of any other car- 
instance, in the RCA INTEGRATED CIRCUITS rier of the several carriers individually provided by the 
DATABOOK (1976), pp. 1 18 to 122. 35 transmitter 103 and the other transmitters of the system. 

The mixer output of the integrated circuit 86 is ap- The modulator at 124 and 125, and the modulators of 

plied to a bandpass filter 87 and hence to the number 2 the other transmitters of the system modulate the sev- 

inputof the synthesizer integrated circuit 83. An output eral radio frequency carriers with audio signals in the 

of the frequency standard 84 is also applied via a lead 89 audio channels by modulating the audio signals in each 

to the number 5 input of the oscillator and mixer circuit 40 channel on the corresponding radio frequency carrier. 

86 and to the second input of the second mixer 65 via The modulated radio frequency carriers are applied 

buffer amplifier 67 shown in FIG, 8. at their respective frequencies directly to the single 

The number 4 output of the integrated circuit compd- antenna or single antenna system 16. In other words, 

nent 86 is applied via a lead 91 to ah isolating buffer each modulated radio frequency carrier is applied to the 

amplifier 92 and hence to a bandpass filter 93. Leads 95, 45 antenna 16 at its transmitter output frequency, without 

96 and 97 supply battery power to the various compo : any additional modulation, heterodyning or frequency 

nents of the synthesizer. shifting. 

The output of the BPF 93 is applied to a first fre- In the case of an amplitude modulation (AM) system, 

quency multiplier 99 and hence via lead 100 to the each modulated carrier is applied at its carrier fre- 

above mentioned frequency multiplier 58 for applica- 50 quency to the antenna 16. In the case of a frequency 

tion to the second input of the first mixer 56, as men- ; modulation (FM) system, each modulated carrier is 

tioned above. The passenger control unit according to applied to the antenna at its carrier frequency, plus A 

the illustrated preferred embodiment is thus capable of. minus the frequency excursion or deviation propor- 

providing detented channel selection without the use of tional to the amplitude of the modulating signal, 

any tunable oscillator, of a traditional type. 55 The applied modulated radio frequency carriers are 

FIG. 10 is a circuit diagram of a frequency inodula- then transmitted at their respective frequencies into the 

tion transmitter that may be employed for each of the space within the passenger section 14 by the single 

audio channels. The transmitter 103 has an input trans- antenna system or single antenna 16; 

former 104 for receiving ah electric audio signal from a To this end, a radio frequency channel combiner 132 

source 105. By way of example, the source 105 may 60 may be employed between the transmitter 103 and the 

include a playback channel of a sound recorder or play- . other channel transmitters on the one hand, and the 

back machine or the output of the sound accompani- \ antenna or antenna system 16 on the other hand. In 

\ment portion of a motion picture projection system or particular, the output terminal 128 of the transmitter 

of a prerecorded video tape, playback machine. In this 103 shown in FIG. 10 appears as input terminal 128 of 

respect, FIG. 2 shows a motion picture or video projec- .65 the radio frequency combiner 132 in FIG. 11. 

tor 106 mounted in or at the. ceiling 20 of the passenger In order to combine the distinct modulated radio 

section 14 for projecting motion picture or video pre- frequency signals from the several transmitters 103, etc., 

sentations 107 onto a screen 108 for viewing by seated , the combiner 132 comprises a series of combining or 
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hybrid circuits, such as a series of hybrid transformers 
133, each having two inputs, such as 128 and 128', for 
receiving the modulated radio frequency outputs from 
two transmitters 103, etc. 

In the combiner 132 shown in FIG. 11 there are, by 
way of example, six hybrid transformers 133 for com- 
bining twelve audio-modulated radio frequency chan- 
nels or carriers in pairs. These pairs are combined with 
other pairs of the twelve channels in a binary manner [2, 
4, 8 . . .] by further hybrid circuitry 135 until all twelve 
channels or audio-modulated radio frequency channels 
appear at a single combiner output 137. 

If desired or necessary step-up transformer and atten- 
uator circuitry 136 may be employed for impedance 
leveling purposes, in order to equalize the power levels 
of the modulated radio frequency carriers transmitted 
through the passenger section 14. 

The combiner 132 thus linearly sums the modulated 
radio frequency carriers, with its hybrid circuitry 133 
and 135 assuring practical isolation of these carriers 
from each other, and thus avoiding undesired cross- 
modulation or other non-linear modulation effects. The 
linearly summed modulated carriers appearing at the 
combiner output 137 are directly applied to the antenna 
or single antenna system 16, without any heterodyning, 
frequency shifting or modulation, other than the fre- 
quency modulation of each carrier by the correspond- 
ing audio channel in the modulator circuitry 124 and 
125 and the frequency multiplication at 126 shown in 
FIG. 10. 

Unlike in the case of time division multiplexing, the 
modulated radio frequency carriers in the subject em- 
bodiment are applied simultaneously to the single an- 
tenna or antenna system 16. 

Unlike in the case of conventional forms of frequency 
division multiplexing, the modulated radio frequency 
carriers in the subject embodiment are applied at their 
respective frequencies directly to the single antenna or 
antenna system 16. In practice, this avoids the highly 
complex receiving equipment necessary for conven- 
tional frequency division multiplexing, which could not 
readily be implemented in the context of aircraft passen- 
ger seats. Also, while FIG. 11 illustrates a specially 
designed combiner 132, such circuitry is commercially 
available, though being manufactured and sold for a 
different purpose. ^ 

Operational procedures and other considerations 
require from time to time that passengers be reliably 
reached with information from the captain or other 
officer or from a supervisory flight attendant. To this 
end, FIG. 12 shows an override audio circuit 141 which 
is driven by a microphone 142. Electric signals corre- 
sponding to words spoken into the microphone 142 are 
applied via an input transformer 143 to audio amplifier 
stage 144. The amplified audio is applied via an output 
terminal 146 to override audio terminals 147 of the 
transmitters 103 et seq. of all channels simultaneously. 

In order to generate a key line signal, the officer or 
flight attendant pushes a microphone switch 149. This 
turns on a transistorized switch 145, generating a posi- 
tive voltage at the output 146, upon which is superim- 
posed the audio output of 144. The audio signal and the 
direct current resulting from the key line activation are 
applied in combination to the input terminal 147 shown 
in FIG. 10. The direct current voltage of this combina- 
tion raises the base of transistor 111 to a more positive 
voltage than the base of transistor 110, causing the cur- 
rent normally flowing in transistor 110 to be diverted to 
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transistor 111. In consequence, the audio applied from 
the source 105 to the transistor 110 is turned off, while 
the audio from the microphone 142 is turned on, with 
reference to the output 112. This simultaneously occurs 

5 in all channels, so that none of the passengers will miss 
the particular information or instruction. As already 
indicated above, the system according to the illustrated 
preferred embodiment of the subject invention is capa- 
ble of satisfying this and all the other above mentioned 

10 requirements for the passengers throughout an entire 
aircraft of the size of a Boeing 727 at a maximum an- 
tenna power input of only 10 mW per channel. At the 
same time, the employed frequency band according to 
the subject invention prevents windows 19 and other 

15 cutouts on the aircraft from radiating any significant 
amount of the transmitted radio energy. While the 
transmission of audio information has been emphasized 
therein, the disclosed principles could also be employed 
to transmit video information, control signals or other 

20 data. 

A method and means for rejecting the above men- 
tioned amplitude modulation imposed on the emitted 
radio frequency carrier or signal by the energized fluo- 

25 rescent or gas discharge lamps is shown in FIG. 13. 
The central part of FIG. 13 is an integrated circuit or 
chip 181 having numered pins connected as shown. The 
integrated circuit 181 may take the place of the circuitry 
shown in FIG. 8 as connected between the terminals 66, 

30 68 and 71. 

In particular, the pin No. 16 of the integrated circuit 
181 of FIG. 13 is connected to the input terminal 66 via 
a resistor 182 as shown in FIG. 13. On the other hand, 
the pin No. 9 of the integrated . circuit 181 is connected 

35 via a filter 183 to the output terminal 71 which leads to 
the volume control 72 shown in FIG. 8 and to the audio 
amplifier circuitry shown in FIG. 9. 

The pin No. 1 of the integrated circuit 181 is con- 
nected to the terminal 68 which, as shown in FIG. 8 and 

4 0 explained above, receives a frequency standard via 
buffer 67 and lead 89 from the synthesizer. A bandpass 
filter arrangement 185 is connected between the pins 3, 
4, 5 and 6 of the integrated circuit 181 as shown in FIG. 
13. Moreover, pins 7 and 8 of the integrated circuit 181 

45 are coupled to a discriminator section quadrature coil 
186. 

The integrated circuit 181 has a relatively high ampli- 
tude modulation rejection. By way of example, the 
integrated circuit 181 may be of the type MC 3357 as 
50 described, for instance, in the MOTOROLA SEMI- 
CONDUCTORS Advance Information Bulletin ADI- 
433 (1977). 

The input pin No. 16 of the integrated circuit 181 
receives the output of the first IF mixer via the impe- 

55 dance matching circuit 62 and crystal filter 63 shown in 
FIG. 7, and the terminal 66 and resistor 182 shown in 
FIG, 13. Such IF signal is applied in the integrated 
circuit 181 to the second mixer which also receives the 
above mentioned frequency standard from the synthe- 

60 sizer via terminal 68 and pin No. 1. 

After AM rejection and FM demodulation, the re- 
gained audio signal is applied via the output terminal 71 
shown in FIG. 13 to the volume control 72 shown in 
FIG. 8 and audio amplification stages shown in FIG. 9 

65 for audible reproduction by the transducer 46 and ear- 
phones 43. 

Amplitude rejection circuitry and techniques other 
than those specifically shown and described may, of 
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course, be employed in the FM receiver connected to 
the corresponding second antenna 25. 

The subject invention thus meets all of its initially 
mentioned objects. While emphasis has been placed 
herein on a wireless airline passenger entertainment 5 
system, the subject invention and its embodiments have 
utility in many other areas where gas discharge lamps 
would interfere with radio frequency signal transmis- 
sion. In this respect, systems for the indoor illumination 
of growing plants, wireless telephone systems and other 10 
instances of utility of the subject invention have been 
mentioned above in the Disclosure Statement. 

The subject extensive disclosure will suggest or ren- 
der apparent various modifications and variations 
within the spirit and scope of the subject invention to 15 
those skilled in the art. ( 

I claim: 

1. In a method of transmitting electromagnetic radia- 
tion in a space for illumination and communication, the 
improvement comprising in combination the steps of: 20 

positioning a gas discharge lamp in said space; 

positioning a first antenna at a' distance from said 
' lamp for emitting radio frequency signals within a 
predetermined wavelength range in said space: 

positioning a second antenna at a distance from said 25 
first antenna and from said lamp for receiving said 
emitted radio frequency signals in said space; 

confining the gas discharge in said lamp to a length 
shorter than one quarter of the shortest wavelength 
in said range; 30 

energizing said lamp with alternating current for 
emitting light in said space; 

providing radio frequency signals within said wave- 
length range for transmission by said first antenna 
and reception by said second antenna; and 35 

transmitting said radio frequency signals via said first 
and second antennas and said space having said gas 
discharge lamp provided and energized therein. 

2. A method as claimed in claim 1, wherein: 

said gas discharge lamp is confined to said shorter 40 
length by providing said lamp with a straight gas 
discharge path shorter than one quarter of the 
shortest wavelength in said range. 

3. A method as claimed in claim 1,, wherein: - 

said gas discharge lamp is confined to said shorter 45 
length by curving said lamp into a circular shape 
having a circumference shorter than one quarter of 
the shortest wavelength in said range. 

4. A method as claimed in claim 1, including the step 
of: ''50 

mounting said gas discharge lamp in a cross-polarized 
relationship to said first antenna in said, space. 

5. A method as claimed in claim 1, including the step 
of: • . _ ' ... v " . 

shielding said gas discharge lamp against said radio 55 
frequency signals transmitted by said first antenna 
in said space.. / . 

6. In a method of transmitting electromagnetic radia- 
tion in a space for illumination and communication, the 
improvement comprising in combination the steps of: 60 

providing a first antenna for. emitting radio frequency 

signals in said space; 
providing a second antenna for receiving said emitted 

radio frequency signals; > 1 

providing a gas discharge lamp in said space; 65 
shielding said gas* discharge, lamp against said radio . 

frequency signals transmitted by said first antenna 

in said space; . 



mounting said gas discharge lamp in a cross-polarized 

relationship to said first antenna in said space; 
energizing said lamp with alternating current for 

emitting light in said space; 
providing radio frequency signals for transmission by 

said first antenna and reception by said second 

antenna; and 

transmitting said radio frequency signals via said first 
and second antennas and said space having said gas 
discharge lamp provided and energized therein. 

7, A method as claimed in claim 6, including the step 
of: 

mounting said first antenna in a first plane; and 
mounting said lamp in a second plane extending at 
right angles to said first plane. 

8. A method as claimed in claim 6, including the steps 



of: 

mounting said first antenna in a first plane; 

providing said gas discharge lamp with a circular gas 
discharge path;, and 

positioning said circular gas discharge path in a sec- 
ond plane extending at right angles to said first 
plane. 

9* A method as claimed in claim 6, including the steps 
of: 

providing said gas discharge lamp with a straight gas 
discharge path; and . 

positioning said straight gas discharge path at right 
angles to said first antenna in said space. 

10. In a method of transmitting electromagnetic radi- 
ation In a space for illumination and communication, the 
improvement comprising in combination the steps of; 

positioning a first antenna for emitting radio fre- 
quency signals in said space; . 

installing a second antenna for receiving said emitted 
radio frequency signals; 

positioning a gas discharge lamp in said space; 

shielding said gas discharge lamp against said radio 
frequency signals emitted by said first antenna in 
said space; 

energizing said lamp with alternating current for 

emitting light in said space; 
providing radio frequency signals for transmission by 

said first antenna and reception by said second 

antenna; and 

transmitting said radio frequency signals via said first 
and second antennas and said space having said gas 
discharge lamp provided and energized therein. 

11 \a a method of transmitting electromagnetic radi- 
ation in a space for illumination and for communication 
of a signal having an alternating current component, the 
improvement comprising in combination the steps of: 

modulating said signal on a radio frequency carrier, 

providing a first antenna for emitting said modulated 
radio frequency carrier in said space; 

providing a second antenna for receiving said emitted 
radio frequency carrier; 

providing a gas discharge lamp in said space; 

shielding said gas discharge lamp against said radio 
frequency signals transmitted by said first antenna; 

providing an alternating current having a frequency 
above the highest useful frequency of said alternat- 
ing current component; 

energizing said lamp with said alternating current for 
emitting light in said space; and 
. transmitting said radio frequency signals via said first 
and second antennas and said space having said gas 
discharge lamp provided and energized therein. 
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12. A method as claimed in claim 11, including the 
step of: 

. mounting said gas discharge lamp in a cross-polarized 
relationship to said first antenna in said space. 

13. A method as claimed in claim 11, including the 
steps of: 

providing radio frequency signals within a predeter- 
mined wavelength range; and 

confining the gas discharge in said lamp to a length 
shorter than one quarter of the shortest wavelength 
in said range. 

14. In a method of transmitting electromagnetic radi- 
ation in a space for illumination and for communication 
of a signal, the improvement comprising in combination 
the steps of: 

modulating said signal on a radio frequency carrier 

by frequency modulation; 
positioning a first antenna for emitting said modu- 
lated radio frequency carrier in said space; 
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installing a second antenna for receiving said emitted 20 j nc | u d m g steps 0 f : 



positioning said first antenna at a first distance from 
said lamp; 

positioning said second antenna at a second distance 

from said first antenna and at a third distance from 

said lamp; and 
making said first distance larger than said second 

distance, and said second distance smaller than the 

sum of said first and third distances. 

21. A method as claimed in claim 1, 6, 10, 11 and 14, 
including the steps of: 

positioning said first antenna at a first distance from 
said lamp; 

positioning said second antenna at a second distance 

from said first antenna and at a third distance from 

said lamp; and 
making said first distance larger than said second 

distance and said third distance larger than said 

first distance. 

22. A method as claimed in claim 1, 6, 10, 11 or 14, 
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radio frequency carrier; 
positioning a gas discharge lamp in said space; 
energizing said lamp with alternating current for 
emitting light in said space, whereby an amplitude 
modulation is imposed on said emitted radio fre- 
quency carrier; 
providing a frequency modulation receiver with an 
amplitude modulation rejection for said amplitude 
modulation; 

connecting said receiver to said second antenna; 

transmitting said modulated radio frequency carrier 
via said first and second antennas and said space 
having said gas discharge lamp provided and ener- 
gized therein; and 

receiving and • demodulating said transmitted radio 35 
frequency carrier with said frequency modulation 
receiver to regain said signal therefrom, while re- 
jecting said amplitude modulation. 

15. A method as claimed in claim 14, including the 
step of: 40 

mounting said gas discharge lamp in a cross-polarized 
relationship to said first antenna in said space. 

16. A method as claimed in claim 14, including the 
step of: 

shielding said gas discharge lamp against said radio 45 
frequency carrier transmitted by said first antenna. 

17. A method as claimed in claim 14, including the 
step of: 

confining the gas discharge in said lamp to a length 
shorter than one quarter of the wavelength of said 50 
radio frequency carrier. 

18. A method as claimed in claim 14, including the 
steps of: 

providing said signal within a predetermined fre- 
quency band; and 

providing said alternating current for energizing said 
lamp with a frequency higher than said frequency 
band. 

19. A method as claimed in claim 1, 6, 10, 11 and 14, 
including the steps of: 

positioning said first antenna at a first distance from 
said lamp; 

positioning said second antenna at a second distance 

from said first antenna; and 
making said first distance larger than said second 65 

distance. 

20. A method as claimed in claim 1, 6, 10, 11 and 14, 
including the steps of: 
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providing said first antenna at a first distance from 
said lamp for emitting radio frequency signals in 
said space; 

providing said second antenna at a second distance 
from said first antenna for receiving said emitted 
radio frequency signals in said space; and 
. making said first distance larger than said second 
distance. 

23. A method as claimed in claim 1, including the step 
of:. . 

positioning said second antenna at a third distance 
from said lamp, and making said second distance 
smaller than the sum of said first and third dis- 
tances. 

, 24. A method as claimed in claim 22, including the 
step of: 

positioning said second antenna at a third distance 
from said lamp, and making said third distance 
larger than said first distance. 

25. In apparatus , for transmitting electromagnetic 
radiation in a space for illumination and communica- 
tion, the improvement comprising in combination: 

means including a first antenna for emitting radio 
frequency signals within a predetermined wave- 
length range in said space; 

means including a second antenna at a distance from 
said first antenna for receiving said emitted radio 
frequency signals in said space; 

a gas discharge lamp in said space having gas dis- 

. charge path of a length shorter than one quarter of 
the shortest wavelength in said range; 

means connected to said gas discharge lamp for ener- 
gizing said lamp with alternating current for emit- 
ting light in said space; 

means for providing radio frequency signals within 
said wavelength range for transmission by said first 
antenna and reception by said second antenna; and 

means connected to said signal providing means and 
to said first antenna for transmitting said radio 
frequency signals via said first and second antennas 
and said space having said gas discharge lamp pro- 
vided and energized therein. 

26. Apparatus as claimed in claim 25 wherein: 

said gas discharge lamp has a straight gas discharge 
path shorter than one quarter of the shortest wave- 
length in said range. 

27. Apparatus as claimed in claim 25, wherein: 
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said gas discharge lamp has a circular shape of a 
circumference shorter than one quarter of the 

: shortest wavelength in said range. 

; 28. Apparatus as claimed in claim 25, including: 

means for mounting said gas discharge Samp in a 
cross-polarized relationship to said first antenna in 
said space. 

29. Apparatus as claimed in claim 25, including: 
means for shielding said gas discharge lamp against 

said radio frequency signals transmitted by said 

first antenna: in said space. 
30 In apparatus for. transmitting electromagnetic 
radiation in a space for illumination and communica- 
tion, the improvement comprising in combination: . 
means including, a first antenna for . emitting radio 

frequency signals in said space; 
means including a second antenna for receiving said 

emitted radio frequency signals; 
a gas discharge lamp; 

means for shielding said gas discharge lamp against 

said radio frequency signals transmitted by said 

first antenna in said space; 
means for mounting said gas discharge lamp in a 

cross-polarized relationship to said first antenna in 

said space; 

means connected to said gas discharge lamp for ener- 
gizing said lamp with alternating current for emit- 
ting light in said space; and 

means connected to said first antenna for providing 30 
radio frequency signals and for transmitting said 
radio frequency signals via said, first and second 
antennas and said space having, said gas discharge 
lamp provided and energized therein. 

31. Apparatus as claimed in claim 30, including: 
means for mounting said first antenna in a first plane; 

and 

means for mounting said lamp in a second plane ex- 
tending at right angles to said first plane. 

32. Apparatus as claimed in claim 30, wherein: 
said first antenna extends in a first plane; 
said gas discharge lamp has a circular gas discharge 

■ ■ .path; and ' 
said circular gas discharge path extends in a second 
plane at right angles to said first plane, 

33. Apparatus as claimed in claim 30, wherein: 
said gas discharge lamp has a straight gas discharge 

path extending at right angles to said first antenna 
in said space: . 

34. In apparatus for transmitting electromagnetic 50 
radiation in a space tor illumination and communica- 
tion, the improvement, comprising in combination: 

means including a first antenna for emitting radio 
frequency signals in said space; 

means including a second antenna for receiving said 55 
. emitted radio frequency signals; 

a gas discharge lamp in said space; 

means for shielding said gas discharge lamp against 
said radio frequency signals emitted by said first 
antenna in said space; . 

means connected to said lamp for energizing said 
lamp with alternating current for emitting light in 
said space; and . 

means connected to said first antenna for providing 
radio frequency signals and for transmitting said .65 
. radio frequency signals via said first and second 
antennas and said space having said gas discharge 
lamp provided and energized therein. ; 
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35. In apparatus for transmitting electromagnetic 
radiation in a space for illumination and for communica- 
tion of a signal having an alternating current compo- 
nent, the improvement comprising in combination: 

means for modulating said signal on a radio frequency 
carrier; 

means including a first antenna for emitting said mod- 
ulated radio frequency carrier in said space; 
means including a second antenna for receiving said 

emitted radio frequency carrier; 
a gas discharge lamp in said space; . 
means for shielding said gas discharge lamp against 
said radio frequency signals transmitted by said 
first antenna; 

means for providing an alternating current having a 
frequency above the highest useful frequency of 
said alternating current component and for ener- 
gizing said lamp with said alternating current for 
emitting light in said space; and 
means connected to said modulating means and to 
said first antenna for transmitting said radio fre- 
quency signals via said first and second antennas 
and said space having said gas discharge lamp pro- 
vided, and energized therein. 

36. Apparatus as claimed in claim 35, including: 
means for mounting said gas discharge lamp in a 

cross-polarized relationship to said first antenna in 
said space. 

37. In apparatus for transmitting electromagnetic 
radiation in a space for illumination and for communica- 
tion of a signal having an alternating current compo- 
nent, the improvement comprising in combination: 

means for providing radio frequency signals within a 
predetermined wavelength range including means 
for modulating said signal on a radio frequency 
carrier, 

means including a first antenna for emitting said mod- 
ulated radio frequency carrier in said space; 
means including a second antenna for receiving said 

emitted radio frequency carrier; 
a gas discharge lamp in said space, with a gas dis- 
charge in said lamp having a length shorter than 
one quarter of the shortest wavelength in said 
range; 

means for providing an alternating current having a 
frequency above the highest useful frequency of 
said alternating current component and for ener- 
gizing said lamp with said alternating current for 
emitting light in said space; and 
means connected to said modulating means and to 
said first antenna for transmitting said radio fre- 
quency signals via said first and second antennas 
and said space having said gas discharge lamp pro- 
vided and energized therein. 

38. In apparatus for transmitting electromagnetic 
radiation in a space for illumination and for communica- 
tion of a signal, the improvement comprising in combi- 
nation: 

means for modulating said signal on a radio frequency 

carrier by frequency modulation; 
means including a first antenna for emitting said mod- 
ulated radio frequency carrier in said space; 
means including a second antenna for receiving said 

emitted radio frequency carrier; 
a gas discharge lamp in said space; 
means connected to said lamp, for energizing said 
lamp with alternating current for emitting light in 
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said space, whereby an amplitude modulation is 
imposed on said emitted radio frequency carrier; 

means connected to said modulating means and to 
said first antenna for transmitting said modulated 
radio frequency carrier via said first and second 
antennas and said space having said gas discharge 
lamp provided and energized therein; and 

means connected to said second antenna including a 
frequency modulation receiver for receiving and 
demodulating said transmitted radio frequency 
carrier to regain said signal therefrom, said fre- 
quency modulation receiver including amplitude 
modulation rejection means for rejecting said am- 
plitude modulation. 

39. Apparatus as claimed in claim 38, including: 
means for mounting said gas discharge lamp in a 

cross-polarized relationship to said first antenna in 
said space. 

40. Apparatus as claimed in claim 38, including: 
means for shielding said gas discharge lamp against 

said radio frequency carrier transmitted by said 
first antenna. 

41. In apparatus for transmitting electromagnetic 
radiation in a space for illumination and for communica- 
tion of a signal, the improvement comprising in combi- 
nation: 

means for modulating said signal on a radio frequency 
carrier by frequency modulation; 

means including a first antenna for emitting said mod- 
ulated radio frequency carrier in said space; 

means including a second antenna for receiving said 
emitted radio frequency carrier; 

a gas discharge lamp in said space with a gas dis- 
charge in said lamp having a length shorter than 
one quarter of the wavelength of said radio fre- 
quency carrier; 

means connected to said lamp for energizing said 
lamp with alternating current for emitting light in 
said space, whereby an amplitude modulation is 
imposed on said emitted radio frequency carrier; 

means connected to said modulating means and to 
said first antenna for transmitting said modulated 
radio frequency carrier via said first and second 
antennas and said space having said gas discharge 
lamp provided and energized therein; and 

means connected to said second antenna including a 
frequency modulation receiver for receiving and 
demodulating said transmitted radio frequency 
carrier to regain said signal therefrom, said fre- 
quency modulation receiver including amplitude 



modulation rejection means for rejecting said am- 
plitude modulation. 
42. Apparatus as claimed in claim 38, wherein: 
said modulating means include means for providing 
5 said signal within a predetermined frequency band; 
and 

said energizing means include means for energizing 
said lamp with a frequency higher than said fre- 
quency band. 

10 43. Apparatus as claimed in claim 25, 30, 34, 35 and 
38, wherein: 

said first antenna is located at a first distance from 

said lamp; and 
said second antenna is located at a second distance 
15 from said first antenna, with said first distance 

being larger than said second distance. 

44. Apparatus as claimed in claim 25, 30, 34, 35 and 
38, wherein: 

said first antenna is located at a first distance from 
20 said lamp; and 

said second antenna is located at a second distance 
from said first antenna and at a third distance from 
said lamp, with said first distance being larger than 
said second distance, and said second distance 
25 being smaller than the sum of said first and third 
distances. 

45. Apparatus as claimed in claim 25, 30, 34, 35 and 
38, wherein: 

said first antenna is located at a first distance from 
30 said lamp; and 

said second antenna is located at a second distance 
from said first antenna and at a third distance from 
said lamp, with said first distance being larger than 
said second distance, and said third distance being 
35 larger than said first distance. 

4<5. Apparatus as claimed in claims 25, 30, 34, 35 or 38, 
including: 

means locating said first antenna at a first distance 
from said lamp; and 
40 means locating said second antenna at a second dis- 
tance from said first antenna; 

said first distance being larger than said second dis- 
tance. 

47. Apparatus as claimed in claim 46, wherein: 

45 said second antenna is located at a third distance from 
said lamp, with said second distance being smaller 
than the sum of said first and third distances. 

48. Apparatus as claimed in claim 46, wherein: 

said second antenna is located at a third distance from 
50 said lamp, with said third distance being larger than 
said first distance. 
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